We have theoretically simulated the optical properties of perturbed chiral STF (sculptured thin film) with and without defect. It was revealed that such STFs could act as band-reject filters with tunable Bragg regime of free space wavelengths and different bandwidth through changing the vapor incident angle during glancing angle deposition process. These Bragg filters are narrowing due to the change of vapor incident angle for circularly polarized light. Interestingly, as the vapor incident angle increased, the band-rejected filter exhibited to decrease the bandwidth and shifted in the Bragg regime, indicating that such STF nanostructures have high potential for behaving as unique polarization insensitive Bragg mirror.
Introduction
 Sculptured thin films of helicoidally shaped morphologies are called CSTFs (chiral sculptured thin films) [1] . These shapes are fabricated, most commonly, using physical vapor deposition by evaporating and directing the vapors from a source towards a rotating substrate tilted at an angle v  experimentally. The local tilt or column angle χ growing on the substrate as a function of vapor incident angle v  . Usually chiral STFs (sculptured thin films) consist of helical nanowires oriented perpendicular to the surface of any substrate. Structurally chiral material, as well as molecules exhibits helical orientation order [2, 3] . Structurally chiral materials fabricated as a stacks using thin film technology [1, 4] . Chiral STFs have the property that reflects circularly polarized light of one handedness, but a very little of the other, in the Bragg regime of free space wavelength which is called circular Bragg phenomenon and the Bragg regime is called circular Bragg regime [5] . Structurally chiral materials have the property of circular Bragg phenomenon [1] . Chiral STFs of multi-section structures produced a spectral hole in the Bragg regime which contained either chiral STFs layer or twist defects or both in the middle [6] [7] [8] . The selective remittances for circular polarization of light have the CP-dimorphic optical response, property can be exploited for a variety of optical filters and sensors [7] using matched chiral STFs. Due to porosity, the chiral STFs are used for optical sensing in humidity and various chemicals [6, 10, 11] . Circular Bragg phenomenon in chiral STFs has the property which is used as circular polarization filters [12] , which may be polarization sensitive or insensitive. Circular polarization insensitive band rejection or bandpass filters are fabricating using cascaded chiral STFs [13, 1] . The phase discontinuity in the center of the periodic structure introduces a hole in the Bragg regime of circular Bragg phenomenon which is acting as filters.
The spectral hole appears in the Bragg gratings [14] and narrow bandpass filtering in optical fiber communication [8] , with increasing the thickness of the chiral STF. The spectral hole in the Bragg regime produced narrow passband which is die out and a new ultranarrow spectrum is occurring in the Bragg regime of free space wavelength due to increasing thickness [15] . Multiple spectral holes are fabricated in the Bragg regime by inserting twist defects which are different from each other [15, 16] . Same as the tilt-modulated chiral STF having the property of circular Bragg phenomenon and spectral hole designing [15] . These sculptured thin films are porous and its porosity is inversely proportional to the refractive index of the materials. We use GLAD (glancing angle deposition) technology which fabricates optical thin films, by controlling the refractive index and porosity [17] . Here, in this manuscript we see the optical response of perturbed chiral sculptured thin films fabricated by using GLAD process to find out the following issues. We are studying that how the spectrum of the circularly polarized light is controlled over vapor incident angle using perturbed chiral STFs and how the chiral STFs changes the tolerance of the Bragg regime is controlled to fabricate different optical filters in the direction of vapor flux using GLAD process? How without and as well as defect STFs are used for the fabrication of Bragg mirror and band-reject filters in different regimes of wavelength?
The mathematical description for the chiral STFs is presented and described in sec. 2. The numerical discussion is presented in sec. 3 and concluding remarks are in sec. 4. In exp (iωt) time, dependency is implicit, with which ω is the angular frequency and t is the time. Whereas, the ω ε µ , 2 / , denoted the wavelength and wave-number while ω µ /ε , the intrinsic impedance of free space respectively. Here ε and µ are the perm-itivity and permeability of free space corresp-onddingly. The vectors are denoted by boldface letters and for dyadics we have used twice underlined. The Cartesian unit vectors are represented as u x , u y , and u z .
Theory
Let's consider the schematics diagram of the chiral STFs without as well as defect at z = 0 structures is shown in Fig. 1 .
These chiral STFs are periodically nonhomogeneous. Therefore the permittivity of these STFs is written in the dyadic form as:
where the rotation dyadic of the STFs is written as: 
where ε a,b,c (z) is scalar relative permittivity of the STF.
In Eq. (1), χ is the tilt angle which varies as a function of depth into the film (along the z-axis) which is further as a function of vapor incidence angle v  . In Fig. 1 , χ is the tilt relative to the xy plane. The relation of column angle χ and deposition angle v  without modulation using Tait's rule, which measures the porosity and index of refraction using tangent rule for the GLAD process [18] as:
The defect structures of chiral STFs from Eq. (1), we can write as:
where 2Ω is the structural period and h is structural handedness which can be either +1 or −1 to indicate one of the two types of structural handedness. The structural period of the CSTF and To study the optical response of these chiral STFs we considered incident plane waves of circular polarization states excited on the CSTF nanostructures that have been formulated elsewhere [1] . After using boundary-value problem to find the reflectances and transmittances whereas, the chiral STF has been modeled using piecewise-uniform approximation [1] .
The chiral STF is divided into thin slices parallel to the xy plane in this technique and the permittivity of the chiral STF is taken to be uniform which is same as of the middle slice. In this technique thickness of slice is taken 0.5 nm after ascertaining that reflectances and transmittances converged within 0.5% of their value when the slice thickness was 5 nm and 0.1% when it is 1 nm.
Numerical Results and Discussion
For numerical results, we considered the principle relative permittivities ε a,b,c of the perturbed columnar thin film of titanium oxide (TiO2). This is modulated. The relationship between χ and χ v with ε a,b,c has been measured by Hodgkinson et al. [19] , for the experimental data titanium oxide as follow, The remittance spectrum of circularly polarized light of unperturbed chiral STF without defect as a function of free-space wavelength is shown in the Fig. 2. Fig. 2 shows that light is maximally reflected in the Bragg regime which behaves as a perfect reflector. The transmittance spectrum T RR shows that the unperturbed chiral STF behaves as Bragg mirror in the Bragg regime. Similarly for perturbed chiral STF without defect using GALD process we observed the same effect but, the bandwidth is decreasing and its center wavelength is shifting in the Bragg regime as we increase the vapor incident angle. Fig. 3 shows that Bragg regime is shifted but, the phenomenon is still occurring in CSTF without defect on perturbation. The band of perfect reflector and band-reject filters is decreasing due to perturbation. Even further increasing the value of χ v the given phenomenon is shifted further in the Bragg regime and its bandwidth is more decreasing which are seen from Fig. 4 . The transmittance is acting as band-reject filters. Moreover, by further increasing the vapor incident angle through GALD process the given phenomenon is disappearing nother regime ear in the Br effect of inci ng without de ned that, obl 
